Introduction: Bovine papillomavirus (BPV) is the etiological agent of bovine papillomatosis, infectious and
Although recognized that the BPV promotes cytogenetic aberrations [1, 6] , which are related to the viral clastogenic potential [7] [8] [9] , the viral action following cancer initiation remains few explored [10] .
The lack of studies about the BPV on cancer progression and metastasis can be attributed to the lack of attention given to cell cultures derived from BPV-infected tissues, which are mandatory to interrogate the viral action following cancer initiation.
In this sense, since 2008, when we established with success different cell lines derived from BPV-infected benign and malignant neoplasms [11] , we have been explored the potential of these cell lines as model to study the BPV-related oncogenic process.
Using these cell lines, we already showed that they exhibit cytogenetic alterations [3, 12] similar to those verified in short-term lymphocyte cultures derived from BPV-infected animals [1, 6, 7] . Similar data were also described in primary cell cultures derived from BPV-infected papilloma and equine sarcoid [13] . These results suggest that cell lines derived from BPV-infected neoplasms are useful model to study the viral action on cancer initiation.
Currently we also described the BPV L1 capsid protein expression and the presence of virus-like particles in cytoplasmic vesicles of cells in sixth passage derived from cutaneous papilloma, fibropapilloma and esophageal carcinoma [14] , suggesting that these cell lines is also an useful model to study the viral biology.
In addition, we verified that BPV can induce metabolic alterations in cell lines derived from fibropapilloma and esophageal carcinoma as a possible consequence of anti-oxidant action of BPV E6 oncoprotein [12] . These deregulations in energetic metabolism lead to reactive oxygen species (ROS) production, inducing the DNA oxidation. This action can result in DNA breaks (clastogenesis) and, to activate the nuclear transcription factor STAT3 through the phosphorylation of tyrosine residue 705 (Y705) [15] . When activate, the STAT3 Y705 promotes cell proliferation [16] by the activation of mitogen-activated protein kinase (MAPK) [17] and platelet-derived growth factor beta (PDGFβ)
upregulation [18] . The STAT3 activation also induces the mesenchymal proteins expression, including vimentin and, regulates the cell differentiation [19, 20] .
Thus, these data can justify the overexpression of STAT3 Y705, Oct-3/4 and vimentin verified in cell lines derived from BPV-infected neoplasms [21] . Altogether, these alterations suggest that BPV infection persistence can lead to epithelial-mesenchymal transition (EMT).
The EMT is a complex pathological process verified during metastasis, characterized by reversible metabolic, genetic and morphological reprograming [10, 20, 22, 23] , which can lead to cancer stem-cell (CSC)
formation [23] [24] [25] [26] .
Based on these data, this study aimed to and esophageal carcinoma and BPV-free normal skin (negative control) that originated the cell lines used in previous studies to validate the results previous verified in cell culture. The BPV DNA molecular identification was performed by PCR and showed the absence of viral sequences in normal skin and the co-infection by BPV-1, 2 and 4 in samples from skin warts and esophageal carcinoma, as previous described by Araldi et al. [12] using cell lines derived from these tissues.
Material and Methods

Ethics Statement
Histopathological Analysis
The fragments destined to histopathological and immunohistochemical analysis were fixed at 10%
formalin, dehydrated in increasing concentrations of ethanol, embedded in paraffin and cut in 4 µm sections.
For the histopathological analysis, the material was stained with hematoxylin-eosin (HE showed a fibroelastic and reactive dermis, due to these characteristics, these samples were classified as fibropailloma (FB). Both cutaneous papilloma and fibropapilloma showed an extensive inflammatory infiltrate into the dermis. Esophageal carcinoma exhibited the sites of atypia, where was verified the loss of cell polarity, the presence of cancer cell islands into the dermis, comprised by fibroblastoid keratinocytes, being compatible with epithelial-mesenchymal transition (EMT). It was not verified the Oct-3/4 expression in esophageal carcinoma (H and I). This result can be attributed to the high mitogenic activity observed in this tissue, which was verified by the presence of mitotic cells [10, 12] , acanthosis can be also discussed as a consequence of ROS production, which, under determinate concentrations, can lead to cell proliferation as previously described in equine sarcoid infected by BPV-1 and 2 [44] and in bovine fibropapilloma [9] . by Auffhame and, later, described in 1873 by
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Langerhans [45] . These granules are rich of cysteine, amino acid characterized by the presence of sulfhydryl group responsible for the disulfide bond, involved in keratinization process [45, 46] .
Considering the natural history of BPV replication cycle, the viral particles are release from the keratinocytes in degeneration present in suprabasal and granular layer. These cells exhibit a prominent halo and an acentric nucleus, being known as koilocytes [47, 48] .
The presence of these cells is considered for some authors as a pathognomonic marker of papillomavirus infection [47, 49] . Thus, the koilocytes verified in Aiming to confirm the BPV infection, we performed the immunodetection of E5 oncoprotein. The E5 is a small hydrophobic transmembrane protein [64, 65] , recognized as the main transforming protein [66] . The E5 oncoprotein can bind and promote the PDGFβR dimerization [64, 67, 68] . This action lead to activation of different kinases (A-cdk2, MAPK, JNK, PI3K e c-Src), resulting in cell proliferation and cancer progression [64, 69, 70] . The E5 oncoprotein also promotes the loss of focal adhesion, leading to invasion [71] . Thus, the E5 is also related with EMT and, therefore, with CSC formation.
We verified the E5 oncoprotein expression on plasmatic membrane and cytoplasm of basal and suprabasal keratinocytes of papilloma 01, 02, 03 and esophageal carcinoma samples (figure 2), but not in BPV -free normal skin (figure 2). This data reinforces the viral infection, previous verified in cell lines derived from these tissues [12] .
Considering that during the EMT occur the repression of epithelial markers, we analyzed the expression levels of cytokeratin 10 (CK10). The CK10 is one the most analyzed cytokeratin in pathology, since it is recognized as a marker of cell differentiation, being expressed from suprabasal to corneal epithelium layer carcinomas [73, [75] [76] [77] [78] . These alterations are frequently associated with metastasis in human [75, 77] and bovines [76] , making the CK10 a prognostic marker since 1980 [75, 77, 79] .
Cytokeratin is a class of evolutionary conserved structural proteins [80] , encoded by different genes and classified in two types: type I (acid polypeptides with 40-56 kDa, including the CK9 to CK20) and type II (neutral and basic polypeptides with 53-68 kDa, including CK1 to CK8) [75] . The CK monomers are fastly degradated [75] . For this reason, cytokeratins form heterodimers comprised by type I and II CKs, conferring mechanical stability to the cells [75, 79, 80] . Thus, the results showed a notorious reduction in CK10 expression levels in fibropapilloma and esophageal carcinoma in relation to BPV-free normal skin and cutaneous papilloma ( figure 3 ). This result is very interest, once the fibropapillomas showed an acanthosis similar to cutaneous papilloma (figure 1), should be expected similar levels of CK10 expression in both cutaneous papilloma and fibropapilloma. Thus, considering that the cancer emerges from a pre-neoplastic lesion, these results suggest that fibropapilloma can be discussed as a pre-malignant lesion. These data are in accordance to the previous results obtained from cell lines derived from the tissues samples used in this study, that showed that fibropapillomas exhibit metabolic alterations [12] and an intermediate migration capability
in relation to the BPV-free normal skin and esophageal carcinoma [21] . Altogether, these data reinforce our hypothesis that fibropapillomas are pre-malignant lesion.
Results also showed an increase in STAT3 Y705 expression levels in all BPV-infected lesions in relation to BPV-free normal skin (figure 4). The STAT3 is a member of Signal Transducer and Activator of Transcription (STAT) family of nuclear transcriptional factor [81] .
These factor regulate different target genes, leading to cell proliferation, differentiation, apoptosis, migration, angiogenesis and anoikis resistance [81] . The STAT3 nuclear factor is crucial for the maintenance of tissue integrity, regulating the epithelial-mesenchymal interaction [82, 83] . However, the aberrant expression/activation of STAT3 is related to the malignant transformation and metastasis formation [16, 81] .
The STAT3 protein remains latent in the cytosol [18] , where is activated by the Janus kinase (JAK) [84] , which promotes the phosphorilation of (1) 727 serine residue present in the transactivation domain (S727) or (2) 705 tirosine residue presente in C-terminal domain (Y705) [83] . Current studies have been shown that the Y705 phosphorilation is the main pathway of STAT3 activation [83, 85] . cervical [22] and penile carcinomas [95] .
Vimentin is one of the most abundant mesenchymal protein expressed in mammals [96] . The VIM is evolutionary conserved [20] , for this reason, the anti-vimentin clone V9 antibody has been used for the vimentin detection in bovines [97, 98] . The protein confers mechanic-structural support for mesenchymal cells [99] and has multiple phosphorilation sites [20] , which act as substrate for different kinases, including the Rho kinases [99, 100] . The phosphorilation of these sites leads to VIM depolymerization, confering cell motility [99] . Due to these reasons, the overexpression of VIM is considered a canonical marker of EMT [20] .
However, the alterations that lead to EMT are not restrict to cell genetic and epigenetic deregulations. [103, 104] . This process results in the nuclear translocation of β-catenin,
promoting the E-cadherin downregulation [105] .
In summary, these combined data reinforce our previous results using cell cultures, validating both 
